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FRUIT CONSUMERS AND SEED DISPERSERS
OF THE RARE SHRUB COREMA ALBUM, EMPETRACEAE 
IN COASTAL SAND DUNES
María CALVIÑO-CANCELA1
RÉSUMÉ. — Consommateurs et disperseurs des fruits de Corema album (Empetraceae), arbrisseau
rare des dunes littorales. — Avec des goélands, des lapins, des mammifères carnivores, des petits
lézards et des passériformes, le cortège des frugivores qui consomment les fruits de Corema album
(Empetraceae), un arbuste rare, est remarquable par sa diversité et parce que quelques espèces sont des
disséminateurs de graines inhabituels. Les merles et les goélands jouent un rôle important dans les îles
Cíes. Les goélands sont aussi des disséminateurs importants dans la baie de Trece, mais ne semblent pas
jouer un rôle important à São Jacinto où les mammifères carnivores jouent le rôle prédominant. Dans les
îles Cíes, les observations des visites alimentaires ont montré que le nombre des visites aux plantes par
les disséminateurs est le meilleur indice de leur importance quantitative, suivi du nombre de fruits
manipulés par visite, alors que l’efficacité de la manipulation des fruits n’a eu qu’un effet mineur. Le
nombre des fruits manipulés par visite, mais non la proportion de fruits avalés entiers, s’est avéré signi-
ficativement lié â la taille des oiseaux. 
SUMMARY. — The frugivore assemblage of the rare shrub Corema album (Empetraceae), with
gulls, rabbits, carnivorous mammals, lizards and passerines, is extraordinary for its diversity and
because some of the species are very unusual as seed dispersers. Blackbirds and gulls have an important
quantitative role in the Cies Islands. Gulls are important dispersers in Trece Bay as well, but seem to
have no role in São Jacinto, where carnivorous mammals have a prevalent role. In the Cies Islands, the
observations of the feeding visits to the plants revealed that the number of visits the dispersers made
was the best predictor of their quantitative importance, followed by the number of fruits handled per
visit, whereas the fruit handling efﬁciency had only a minor effect. Bird size had a signiﬁcant effect on
the number of fruits handled per visit but not on the proportion of fruits swallowed whole.
For the conservation of endangered species, a deep knowledge of their ecology and, in
particular, of their population dynamics is needed (Schemske et al., 1994) and, when the
species of interest is a fleshy-fruited plant, it becomes very dependent on frugivores, since
they are an important link between the adult and seedling stages. The effectiveness of a seed
disperser is the contribution it makes to the future reproduction of a plant, and has both
quantitative and qualitative components, the quantity being the number of seeds dispersed
and the quality the probability that the seed will survive and become an adult (Shupp, 1993).
The frugivore assemblage determines the quantity and quality of seed dispersal for a plant
population. In this paper I will focus on the quantity component. The number of seeds dis-
persed by a particular seed disperser depends on the number of visits made to the plant and
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the number of seeds dispersed per visit. The number of visits made depends mainly on the
density of the disperser in the area and its diet. There are intensively frugivorous species
that rely to a large extent on fruits, at least in some seasons, whereas others consume fruits
only occasionally. The number of seeds dispersed per visit depends on the number of fruits
and, consequently, seeds handled, and on the probability a handled seed is dispersed, that
depends basically on the handling behaviour. Both the number of seeds handled and the
handling behaviour are usually related to the size of the disperser, with large species eating
and processing a larger amount of fruits than the smaller species (Jordano, 2000 and refe-
rences therein). Size and, in particular, the relationship between the mouth width and the
fruit size is a very important determinant of the ability to handle the fruits (Rey et al, 1997;
Herrera, 1984b). Species with wide mouth relative to fruit size can easily swallow the whole
fruits, thus potentially dispersing the seeds, whereas species with narrow mouth relative to
fruit size have difficulties to handle the fruit and swallow it whole. This increases the han-
dling time, diminishing the number of fruits handled per visit and increases the frequency
of dropped fruits (Rey & Gutierrez, 1996). Small birds can also modify their behaviour with
the biggest fruits, pecking or carrying them away (Rey et al, 1997). For those fruits with
large seeds, as is the case of Corema album, birds that peck the pulp do not ingest the seeds,
and pecked fruits are usually discarded afterwards by those frugivores that could swallow
them, therefore their seeds fail to be dispersed. Seeds of those fruits carried away can be
considered as dispersed, although dispersal distances are probably shorter than those for
ingested seeds.
In this paper I study (i) the frugivore assemblage of C. album in three populations: Cies
Islands, Trece Bay and São Jacinto sand dunes. In the population of the Cies Islands (ii) I
analyse the relative importance of the three components that determine the quantitative role
of frugivores (number of visits made, number of fruits handled per visit and handling effi-
ciency, as derived from direct observations). In relation to these components, (iii) I test the
hypothesis that larger birds have higher capacity to handle more fruits or to handle them
more efficiently.
MATERIAL AND METHODS
STUDY PLANT SPECIES
Corema album (L.) D. Don (Empetraceae) is a shrub endemic from the west coast of the Iberian Peninsula (C.
album subsp. album), and the Azores Islands (C. album subsp. azoricum). It grows mainly on sand dunes but also at
rocky sites and, in the Azores Islands, on volcanic lava and ash ﬁelds. It is an endangered species (Ortiz et al., 1998)
that has suffered a notable decline in size and number of populations that seems to be due to habitat destruction and
degradation, as a consequence of urban development in coastal areas, tourism impact, forestation of the sand dunes,
mainly with pines, and the impact of invasive species (e.g. Acacia sp.). It is a key species in a type of ecosystem unique
from the western Iberian coast: the Corema scrub, were the fruits of C. album are an important resource for the
frugivorous animals.
Corema album is a dioecious shrub that rarely exceeds 1 m in height. It is wind pollinated and fruits are quasi-
spherical white drupes 6-12 mm wide and 5-12 mm long (n = 2 070). The pulp has a high water and sugar content
(Calviño-Cancela, 2003; Herrera, 1987). Each fruit has three (exceptionally two or four) nutlets (3.78 ± 0.016 long,
2.90 ± 0.012 wide, n = 600) that I will refer as seeds hereafter. 
Fruits are available in summer and early autumn and highest availability occurs in August and early September in
the Cies Islands  with 595 ± 26 fruits/m2 in the plants (Calviño-Cancela, 2000).
The most important populations of this species are located in the area of Doñana National Park (Huelva province,
Atlantic Southern Spanish coast) and from Nazaré to Aveiro (Portuguese coast). In the Northwest Spanish coast it
occurs only at 7 locations, although only two of them can be considered as true Corema scrubs: in the Trece Bay and
the Cies Islands (see study area). In the other locations, only one or a few individuals remain (Soñora, 1994).
STUDY AREA
The study was developed in the Cies Islands (42º15’N, 8º53’W, NW of Spain), sited in the Atlantic Islands
National Park, in the Bay of Trece, sited in Camariñas, Galicia (43º10’N, 9º12’W, NW Spain), and in the Natural
Reserve of the São Jacinto dunes, near Aveiro (40º30’N, 8º44’W, NW Portugal). 
All the populations have a Mediterranean climate, in spite of the Cies Islands and the Trece Bay being in the
Eurosiberian area. Mean annual temperature in the Cies Islands is 13.8ºC; coldest and hottest months are January
(8.5ºC) and July (19.8ºC) and annual precipitation is 877 mm, with a notable drought period in summer, mainly in July
and August (Carballeira et al., 1983). Mean annual temperature in Trece Bay is 14ºC, annual precipitation is 950 mm
and there is a summer drought mainly in July (Carballeira et al., 1983). São Jacinto sand dunes are located in the
Mesomediterranean zone (Rivas-Martínez, 1987). Mean annual temperature is 14.2ºC (max: 22º C, min: 6ºC) and
annual precipitation is 960 mm with a notable drought period in summer, with only 64 mm of rain.
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Three types of habitats can be distinguished in the sand dunes of the Cies Island: ﬁrst, the herbaceous vegetation,
where C. album is absent and the vegetation cover is low and entirely herbaceous (37%), with species such as
Artemisia crithmifolia, Helichrysum picardii, Iberis procumbens and Pancratium maritimum. Dense and sparse scrubs
constitute the two other types of habitat where C. album appears. In the sparse scrub the vegetation cover is weak
(28.1%), and dominated by C. album (82.6% of the total vegetation cover). In the dense scrub the vegetation cover is
higher (64.6%) and dominated by shrubs (37.3% of the surface). C. album is not a dominant species in this habitat; it
covers 16.9% of the surface and appears with Cistus salviifolius, Ulex europaeus, and Daphne gnidium. Although
other ﬂeshy-fruited plants are present in the area, their contribution to fruit availability is virtually insigniﬁcant
compared to C. album. 
In Trece Bay, C. album appears also in dense and sparse scrubs. The dense scrub has a high vegetation cover
(87.5%), dominated by herbs (54.7%). Shrubs cover 32.8% of the surface and C. album is the dominant species, the
female individuals covering 14.8% of the total surface. Other frequent species are A. crithmifolia, H. picardii and
Scrophularia frutescens. In the sparse scrub the vegetation cover is lower (< 40%), with 19.7% of shrub cover, 11% of
C. album /, and 19% of herbaceous cover, with species such as Crithmum maritimum, A. crithmifolia and Euphorbia
paralias.
In the dunes of São Jacinto, C. album is present in sparse scrub, dense scrub and a pine plantation. In the sparse
scrub, the vegetation cover is less than 50%, and shrub cover is less than 15%, clearly dominated by C. album, female
individuals covering 9.4%. Among the herbs H. picardii, E. paralias, Antirrhinum majus subsp. cirrhigerum and
Crucianella maritima are abundant. In the dense scrub, the vegetation cover is 72.4%, mainly shrubs (61.1%), with
species such as C. salviifolius, the invasive Acacia longifolia, and C. album /, which covers 12.8%. In the pine
plantation the vegetation is dominated by Pinus pinaster. Underneath them, the shrub cover is 37.2%, with C. album
(C. album / represents 11.3% of shrub cover), Stauracanthus genistoides, and some individuals of Myrica faya.
DIRECT OBSERVATIONS
This method allows an easy identiﬁcation of the animals that consume the fruits, nevertheless, some species are
difﬁcult to observe, in particular those with crepuscular or nocturnal activity and, for this reason, direct observations are
usually restricted to birds, whereas mammals are often missed.
Observations of feeding frugivorous birds on plants were conducted during the fruiting period of 1998 and only in
the Cies Islands. Two observation points were chosen, from where 10 and 17 C. album / respectively were under view,
and binoculars (7 × 50) and a telescope (20 × to 60 ×) were used. The total observation time was 133 h, distributed
among 15 days from 28.VII to 3. IX.1998. The number of visits, number of fruits handled per visit and fruit handling
behaviour were recorded for animal species. The handling behaviour was classified in the following categories: fruits
swallowed whole, dropped (falling during handling), carried away (off the mother plant), and predated (pulp pecked
but seeds not ingested or pulp discarded and seeds destroyed). The way the disperser accessed the fruits, either
perching on the plant or from the ground, was also recorded. 
Only the seeds of fruits swallowed whole and those carried away are dispersed. Consequently, the proportion of
fruits swallowed and carried away was used as an index of handling efﬁciency. The quantitative importance of each
disperser was calculated multiplying the number of visits, the number of fruits handled per visit and the handling
efﬁciency.
SAMPLING OF THE EXCREMENTS CONTAINING SEEDS
In order to obtain a wider view of the dispersal system of C. album, a sampling of the excrements containing seeds
(frugivore-mediated seed rain) was carried out in the populations of the Trece Bay and the dunes of São Jacinto (see
Calviño-Cancela 2002 for information on the frugivore-mediated seed rain in Cies Islands).
This method allows the detection of some animals difﬁcult to observe (e.g. rabbits, carnivorous mammals or
lizards in this study) and the direct study of the frugivore-mediated seed rain, i.e. the seeds actually dispersed,
deposited on the ground inside the droppings of their dispersers. In some cases, the identiﬁcation of the excrements is
difﬁcult and they have to be assigned to a group of species (e.g. the small passerines in this study). On the other hand,
the advantages of this method are restricted to areas with low vegetation cover where faeces are easy to detect, like sand
dunes (this study) or snow-covered areas (Herrera, 1984a).
Faeces and regurgitations were recorded along transects, within 50 cm on one side of the transects.
In Trece Bay, 500 m of transects were surveyed in early September 2000, 250 m in each type of habitat (sparse
and dense scrub). For each type of habitat, two series of 10 parallel transects (15 m long) were arranged in two areas
c. 250 m apart. 
In the dunes of São Jacinto, 450 m of transects were surveyed in mid August 2000, 150 m (10 parallel transects
15 m long) in each type of habitat (sparse and dense scrub, and the pine plantation).
STATISTICAL ANALYSES
I tested the hypothesis whether larger birds may have higher capacity (1) to handle a higher number of fruits, what
would increase their quantitative importance, and (2) to handle the fruits more efficiently, so that the proportion of
fruits swallowed whole would be higher, what would increase their quality as seed dispersers. For this, I used
Generalized Linear Models (GLMs) (Crawley, 1993) to analyse the relationship between bird weight, as the
independent variable, and (1) the average number of fruits handled per feeding visit, as the negative binomial
dependent variable and (2) the proportion of fruits swallowed whole, as the binomial dependent variable. GLMs are
very versatile, allowing models to be fit to data that follow probability distributions other than Normal distributions
(adjusting the error distribution) and to describe non-linear relationships between the independent and dependent
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variables (adjusting the link function). For (1) I used a negative binomial error distribution with a log-ratio link
function, estimating previously the k parameter of the negative binomial distribution with the RNEGBINOMIAL
procedure of GenStat 6.0. Count data are usually assumed to follow a Poisson distribution. Nevertheless, for a wide
range of natural situations, the variance of the data is much larger than the mean and, consequently, the Poisson
distribution is not adequate. The negative binomial distribution is more adequate for these situations. In addition, it
generates other discrete distributions as the Poisson (as k → ∞), geometric (with k = 1) and log-series (as k → 0)
distributions as special cases. Thus, the use of the negative binomial distribution with the previous estimation of the k
parameter is a very robust way to treat count data. For (2) I used a binomial error distribution with the number of fruits
handled as binomial denominator, and a logit link function, correcting the overdispersion with the EXTRABINOMIAL
procedure, using the software GenStat 6.0.
The weight for Larus michaellis was taken from Munilla (1997a), corresponding to gulls from the Cies Islands
and neighbour populations. For the rest of the birds, the weights were taken from Cramp & Simmons (1998), from
studies carried out in areas and periods as similar as possible to the area and period of this study. Three species, for
which less than 5 feeding visits were observed, were excluded (see Table I), since this was considered too small a
sample size to estimate the number of fruits handled per visit and the handling behaviour. 
*  Species excluded from the analyses of the relationship between weight and number of fruits handled per visit and han-
dling mode, because of the small number of visits observed.
The major determinant of the quantitative importance of a disperser was identiﬁed with Spearman rank
correlation coefﬁcients between the total quantitative importance and each of its three components (number of visits,
number of fruits handled per visit and handling efﬁciency). For the relationship between the total quantitative
importance and the number of visits, the number of species replicates was 10, but 7 for the relationships with fruits
handled per visit and handling efﬁciency (3 excluded, see above).
RESULTS
DIRECT OBSERVATIONS
A total of 265 feeding visits and 3 080 fruits handled were observed in the Cies Islands.
Ten bird species were observed, Blackbird (Turdus merula) being the most frequent (58.5%
of total feeding visits), followed by Yellow-legged Gull (L. michaellis) (13.6%) and Stone-
chat (Saxicola torquata) (9.1%) (Table I). According to the number of fruits handled, the
quantitative importance of gulls increases (39.1% of fruits handled), but is still lower than
that of blackbirds (56.7%) (Table I). These two species together handled 97.6% of the fruits
observed, therefore the role of the other species remaining very small (Table I). 
TABLE I
For every bird species observed feeding on Corema album fruits: weight, absolute and relative (in brackets) fre-
quency of feeding visits observed, number of fruits handled, different types of fruit handling mode (i.e. swallowed,
dropped, carried and predated), handling efﬁciency (percentage of fruits swallowed and carried, i.e. potential
seed disperser) and quantitative importance of the dispersal (percentage of seeds dispersed). Number of seeds dis-
persed was calculated assuming 3 seeds per fruit
Species Weight (g) Visits Fruits 
handled 
Swallowed Dropped Carried Predated Handling 
efﬁciency 
(%)
Quantitative 
importance (%)
Turdus merula 86.1 155 (58.5%) 1 747 
(56.7%)
1 665 
(95.3%)
61 (3.5%) 21 (1.2%) 0 96.5% 56.35%
Larus michaellis 1 275 36 (13.6%) 1 203 
(39.1%)
1 186 
(98.6%)
17 (1.4%) 0 0 98.6% 39.64%
Saxicola torquata 14.6 24 (9.1%) 45 (1.5%) 40 (88.9%) 0 5 (11.1%) 0 100% 1.71%
Sylvia 
melanocephala 
11.3 16 (6.0%) 29 (0.9%) 29 (100%) 0 0 0 100% 0.97%
Phoenicurus 
ochruros
15.6 14 (5.3%) 23 (0.7%) 15 (65.2%) 3 (13.0%) 5 (21.7%) 0 86.9% 0.67%
Sylvia undata 9.0 8 (3.0%) 12 (0.4%) 6 (50%) 2 (16.7) 2 (16.7%) 2 (16.7%) 66.7% 0.27%
Sylvia atricapilla 19.6 6 (2.3%) 14 (0.5%) 10 (71.4%) 0 4 (28.6%) 0 100% 0.47%
Saxicola rubetra* 19.4 2 (0.8%) 2 (0.1%) 0 0 2 (100%) 0 100% 0.07%
Sylvia communis* 17.2 2 (0.8%) 2 (0.1%) 1 (50%) 0 1 (50%) 0 100% 0.07%
Carduelis chloris* 25.8 2 (0.8%) 3 (0.1%) 0 1 (33.3%) 0 2 (66.7%) 0% 0%
Total 265 3080 2952 (95.8%)
84
(2.7%)
40
(1.3%)
4
(0.1%)
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The effect of bird weight on the number of fruits handled per visit was highly signifi-
cant (χ2 = 17.59, 1 d.f., p < 0.0001), heavier and thence larger birds being able to handle
more fruits per visit.
The effect of bird size on the proportion of fruits swallowed whole was not significant
(χ2 = 1.95, 1 d.f., p = 0.162). Almost all the fruits were swallowed whole (95.8%), and this was the
most frequent handling behaviour for most of the species as well (Table I). Only one species, Dart-
ford Warbler (Sylvia undata), was observed pecking the pulp but, in spite of its small size, it was
able to swallow 50% of the fruits. Greenfinch (Carduelis chloris) behaved also as a predator,
eating the seeds and discarding the pulp. These two species showed the less efficient handling
behaviours with only 67% and 0% of the fruits handled resulting in seed dispersal, respectively.
Among the small and medium-sized species, it was relatively frequent to carry the fruits away, e.g.
for Stonechat, Black Redstart (Phoenicurus ochruros), Dartford Warbler, and Blackcap (Sylvia
atricapilla). 
The number of visits a disperser made to the plants was the best predictor of its total quan-
titative importance (r = 0.98, p < 0.001, n = 10), followed by the number of fruits handled per
visit (r = 0.75, p = 0.05, n = 7), whereas the relationship between the total quantitative impor-
tance and the handling efficiency was very weak and non significant (r = 0.22, p = 0.63, n = 7).
Passerines reached the fruits usually perched on the shrubs. Only blackbirds were observed
taking fruits from the ground (n = 35; 2%). Gulls reached the fruits of the plants from the ground
and only in two feeding visits (by the same individual) perched on top of the plants.
SAMPLING OF THE EXCREMENTS CONTAINING SEEDS
 In the Trece Bay, seeds dispersed by gulls (87.4% of seeds dispersed, n = 2441), car-
nivorous mammals (8.6%), probably Fox (Vulpes vulpes), passerines (2.6%) and rabbits
(1.4%) were found (Table II).
In the dunes of São Jacinto, only a small number of dispersed seeds were found in the tran-
sects (n = 160 seeds), in faeces of carnivorous mammals (79.4%) and lizards (20.6%) (Table II).
Carnivorous mammals’ faeces seemed to be of foxes, but feral dogs are also frequent in the area
and their faeces can be very difficult to separate from those of foxes. Nevertheless, foxes are
very abundant in the area and are known to feed on C. album fruits (G. Silva, pers. com.). Lizard
faeces probably belong to Psammodromus algirus, a very common species in the area. This and
Podarcis bocagei are the only species recorded in this Natural Reserve (G. Silva, com. pers.).
Although no passerine faeces were found, I have observed feeding visits of blackbirds.
DISCUSSION
FRUGIVORE ASSEMBLAGE
The dispersal system showed in this study is extraordinary, with gulls, rabbits, carni-
vorous mammals, lizards and passerines acting as dispersal agents of C. album seeds. It is
TABLE II
Number of droppings, of seeds dispersed and, in brackets, percentage of total seeds, recorded in the survey of the
frugivore-mediated seed rain in the populations of Trece Bay and São Jacinto for the different dispersers
Populations Trece São Jacinto
Dispersers Droppings Seeds Droppings Seeds
Gulls 29 2 133 (87.4%) 0 0
Carnivorous mammals 7 210 (8.6%) 3 127 (79.4%)
Passerines 8 64 (2.6%) 0 0
Rabbits 35 34 (1.4%) 0 0
Lizards 0 0 13 33 (20.6%)
Total 79 2441 16 160
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remarkable for its diversity and because some of these animals are really unusual seed dis-
persers. In temperate areas, passerines have usually a prevalent role in fruit consumption
and seed dispersal of fleshy-fruited plants (Herrera, 1998, 1995; Snow & Snow, 1988). Car-
nivorous mammals are also well known as fruit consumers although their role as seed dis-
persers is still scarcely studied (see however Willson, 1993; Herrera, 1989a). Carnivorous
mammals have a relevant role in São Jacinto and Trece Bay, and probably interact with C.
album in every population where they are present. In the Cies Islands there are no foxes or
any other carnivorous mammal except feral cats, but no C. album seed was found in their
excrements (n = 143). Neither feral cats nor lynxes consume fleshy fruits in the Iberian
Peninsula (Kozena, 1990; Delibes, 1983; Guitián & Callejo, 1983).
The rabbit is a rather unusual dispersal agent of fleshy-fruited plants. Herbivorous
mammals and rabbits in particular, have an important role in seed dispersal of herbaceous
species with small seeds that lack, apparently, special adaptations for seed dispersal (Pake-
man et al, 2002; Malo & Suárez, 1995). This led Janzen (1984) to formulate his “foliage-
as-fruit” hypothesis, proposing that vegetative parts of the plants dispersed by herbivorous
mammals may have, in addition to the photosynthetic function, a role in attracting herbivo-
res to disperse the seeds. In that case, herbivores eat the seeds passively, while foraging on
the foliage, whereas in the interaction with C. album, rabbits act as true frugivores since
they actively select the fruits (pers. obs.). Seed dispersal of fleshy fruited plants is less com-
mon among herbivorous mammals (but see Nogales et al. 1995; Muñoz-Reinoso, 1993).
Rabbits act as seed dispersers of C. album in Trece Bay although their quantitative impor-
tance seems to be low. In the Cies Islands, although direct observations of the feeding visits
failed to show their role, the survey of the frugivore-mediated seed rain suggest that their
quantitative role increased from 1998 to 1999 and 2000, since in 1998 only 2% of the seeds
dispersed recorded were in rabbit pellets (Calviño-Cancela, 2003) while it was 15% in 1999
and 2000 (Calviño-Cancela, 2002). Rabbits act also as seed dispersers of C. album in the
Asperillo and Doñana sand dunes (Huelva Province, SW Spain, pers. obs.), and they have
probably this role in all those C. album populations where they are present. In São Jacinto,
rabbits had no role, being absent there.
Fruit consumption by gulls is rather exceptional and their role in seed dispersal has
received very little attention so far (but see Nogales et al, 2001; Morton & Hogg, 1989; Gill-
ham, 1952). Many gull species are omnivores and the plasticity of their diets is remarkable,
fruit consumption being observed for some of them (Cramp & Simmons, 1998). Fruits
represent usually a small portion of their diets, although this depends on fruit availability.
Thus, in some places and seasons fruits can be a very common resource and even a predo-
minant one, as it is the case of Empetrum nigrum for Herring Gull (Larus argentatus) in
Murmansk (Russia), and for Lesser Black-backed Gull (L. fuscus) in the White Sea (Russia)
(Cramp & Simmons, 1998), or Rubia fruticosa for Yellow-legged Gull in the Canary Islands
(Nogales et al., 2001). Gulls were quantitatively very important seed dispersers in the Cies
Islands (as shown by direct observations of feeding visits — present study — and the fru-
givore-mediated seed rain — Calviño-Cancela, 2002) and the Trece Bay. In São Jacinto,
they seemed to have no or insignificant role. Gulls were abundant there though there is no
important breeding colony in the area and, thus, juveniles, which were the individuals that
ate the fruits of C. album, were scarce during the fruiting period.
The role of reptiles in seed dispersal has also been seldom studied, maybe because most
of the species are insectivores, lizards in particular. Nevertheless, some studies show that
lizards could be important seed dispersers in some areas (e.g. Traveset, 1995; Valido &
Nogales, 1994). Some other reptiles, mainly turtles, consume fleshy fruits and disperse their
seeds (e.g. Moll & Jansen, 1995; Cobo & Andreu, 1988). In fact, reptiles were probably the
first terrestrial vertebrates that interacted with plants as seed dispersal mutualists (Fleming
& Lips, 1991; Herrera, 1989b). The role of lizards was only detected in São Jacinto. There
are two lizard species there: Podarcis bocagei and Psammodromus algirus, but the latter is,
by far, the most abundant in the dunes and probably is the one that consumes C. album
fruits. Both species have an essentially insectivorous diet (Pérez Mellado, 1983, 1982, for
P. bocagei; Carretero & Llorente, 1993; Pollo & Pérez Mellado, 1988 for P. algirus),
although, for P. algirus, vegetal matter represents an important portion of its diet in some
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populations (Díaz & Carrascal, 1990; Sorci, 1990; Di Palma, 1984). In the populations of
the Cies Islands and Trece Bay, lizards seem to have no role as seed dispersers. The density
of lizards on those populations is much lower than in São Jacinto and P. algirus is absent.
Lizard excrements found in the populations of Cies Islands and Trece Bay contained no
seeds nor pulp remains of C. album, suggesting that lizards do not consume their fruits
there.
COMPONENTS OF THE QUANTITATIVE ROLE OF FRUGIVORES
The number of feeding visits made to the plants was the best predictor of the quantita-
tive importance of the species observed. Nevertheless, it does not mean that the number of
fruits handled per visit and the handling efficiency are trivial components of dispersal.
These three components are multiplicative and have the same weight, although the particu-
lar values for the dispersal agents in this particular system made the number of visits the
most relevant, as it was the one that accounted for more variability. On the other hand, this
seems to be a common trend (see also Schupp, 1993).
FRUIT HANDLING IN RELATION TO BIRD SIZE
The number of fruits handled per visit and the size of the birds visiting the plants were
correlated, larger birds handling more fruits (see also Jordano, 2000 and references the-
rein). The capacity of the digestive tract of an animal is related to the size of this animal
and determines the maximum number of fruits that can be eaten and processed per visit.
The biggest species, like blackbirds and gulls, have more capacity and, as a consequence,
their quantitative role as seed dispersers is stronger. Thus, although according to the fre-
quency of feeding visits, the quantitative importance of gulls was not very different from
that of stonechats, according to the number of fruits handled, the differences became very
important (Table I), as gulls can handle a much higher number of fruits per visit than sto-
nechats.
The birds observed visiting C. album generally swallowed the whole fruits. This is an
usual behaviour among frugivorous birds in the Iberian Peninsula (Guitián et al., 1992; Her-
rera, 1984b) that allows seed dispersal of many plants. In the present study, the detected
trend of increased proportion of swallowed fruits with increasing bird size was however not
significant. The largest birds, i.e. blackbirds and gulls, swallow a high proportion of the
fruits they handled contrary to smaller birds, except Sardinian warblers (S. melanocephala),
but there is no clear proportionality between their size and handling mode. The ability to
handle fruits is mainly determined by the relationship between bird mouth width and fruits
size (Rey et al, 1997; Herrera, 1984b). C. album fruits (9.1 ± 0.022 mm wide and
8.2 ± 0.02 mm long, n = 2 520), are on average smaller than blackbird gape (13.4 mm, Her-
rera 1984b), and can thus be handled rather efficiently by this species. Mouth is much wider
in gulls, thus having no constraint to swallow the fruits whole. For the other species obser-
ved, with mouth gapes between 9.3 (Stonechat, Herrera, 1984b) and 5.6 mm (Dartford war-
bler, Jordano, 1987), holding a fruit of C. album and swallowing it whole becomes difficult.
This increases the handling time and the frequency of dropped fruits (Rey & Gutiérrez,
1996), decreases the number of fruits handled per visit (c. 1 or 2 fruits for the smallest birds)
and the fruit handling efficiency. Due to fruit size variability, small birds can swallow
whole some of them and disperse their seeds, whereas the largest fruits are frequently drop-
ped and, consequently, their seeds fail to be dispersed. Small birds may also modify their
behaviour with those fruits too big to be swallowed whole, pecking or carrying them away
(see also Rey et al, 1997). For instance, Dartford warblers, the smallest birds observed in
this study pecked 17% of the fruits they handled, therefore taking benefit from the pulp and
avoiding carrying the ballast of the seeds, thus behaving as fruit predators (Rey & Gutiérrez,
1996). Greenfinches behave also as predators, seed predators in this case, and disperse no
seeds. Only three fruits handled were observed for this bird, which is a too small sample to
characterize fruit handling behaviour. Nevertheless, greenfinches behave usually as seed
predators and not as frugivores (Herrera, 1984b; Cramp & Simmons, 1998) and probably
this small sample size is representative. An interesting behaviour observed for many birds
was that of carrying the fruits away, to places where they could be handled easier and, in
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some cases, finally swallowed. Thus, some of them resulted in rather efficient birds han-
dling the fruits (e.g. stonechats and blackcaps), in spite of their difficulties to handle big
fruits, since carried fruits represent also seed dispersal events.
IMPLICATIONS FOR CONSERVATION
An important point about the natural regeneration of C. album is that seedling recruit-
ment occurs mainly in open areas (Calviño-Cancela, 2002). Therefore, the processes invol-
ved in the availability of open areas and the availability of seeds there become crucial for
recruitment. Frugivores play an essential role carrying seeds to those suitable sites. All of
them may carry seeds to open areas, although some are more efficient than others playing
this role (e.g. gulls disperse seeds mostly to open areas whereas blackbirds do it underneath
the shrubs, see Calviño-Cancela, 2002). A decrease in frugivores’ abundance or in their
activity as seed dispersers may lead to a decrease in seed arrival to the suitable sites and,
thus, in seedling recruitment. In the Cies Islands and Trece Bay, where gulls are quantitati-
vely very important dispersers and carry most of seeds to the suitable sites (Calviño-Can-
cela, 2002), there is no reason to think that regeneration could be threatened by a decrease
in the abundance of dispersers, as gulls are very abundant and a significant decrease in their
abundance seems improbable in the short term. However, human disturbance can reduce
significantly the activity of frugivores (pers. obs.), and can be particularly intensive in coas-
tal areas during the summer (seed dispersal season for C. album) thus having a potentially
important detrimental effect on the natural regeneration of this species. In São Jacinto, seed
dispersal seems to be very low and this can be one important reason for the low seedling
recruitment there, as seed availability in the suitable sites for seedling recruitment is low
(Calviño-Cancela, 2003).
Regarding the possibility of long-distance seed dispersal, which could play a role on
the metapopulation dynamics of C. album, most of the passerines observed in the Cies
Islands are sedentary, except Whinchat (Saxicola rubetra) and Whitethroat (Sylvia commu-
nis), although their quantitative importance as seed dispersers seems to be low. Both of
them are trans-Saharian migrants and were observed in September, probably in the autumn
migration from the North that crosses the western part of the Iberian Peninsula (Cantos,
1992; Bueno, 1991). Regarding gulls, although the western Mediterranean populations of
Yellow-legged Gull show true migratory habits, the populations from the northern Atlantic
Spanish coast seem to be non-migratory, performing only short movements along the Por-
tuguese and western Spanish coasts (Munilla, 1997b). Considering their quantitative impor-
tance as C. album seed dispersers, gulls could contribute to long-distance dispersal through
this area, where all the populations of C. album ssp. album are sited. The movements of the
juvenile individuals (the ones that consume the fruits) are longer than those of the adults
and similar to those of the immatures (78.4 ± 9.9 km, n = 138, in Munilla, 1997b). The fre-
quency of northward and southward movements is similar but distances are longer
southward. Regarding the rabbits, home-ranges are usually less than 5 ha (Hulbert et al,
1996) and, within  them, rabbits defend small territories, of less than 100 m in diameter
(Gibb et al, 1978; Künkele & Von Holst, 1996), thus they probably have no role in long-
distance dispersal. Carnivorous mammals, due to their long gut retention time, can disperse
the seeds long distances apart from the mother plants, depending on the size of the territories
they occupy. For foxes, territories from 14 ha to more than 500 ha have been reported (Don-
caster & MacDonald, 1991; Cavallini & Lovary, 1991; Phillips & Catling, 1991), so they
could probably connect different populations of C. album in some cases.
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